The phylogenetic diversity of the fecal bacterial community in Holstein cattle was determined by 16S ribosomal RNA gene sequence analysis. The sequences were affiliated with the following phyla: Firmicutes (81.3%), Bacteroidetes (14.4%), Actinobacteria (2.5%), and Proteobacteria (1.4%). The Clostridium leptum subgroup was the most phylogenetically diverse group in cattle feces. In addition, a number of previously uncharacterized and unidentified bacteria were recognized in clone libraries.
The microbial ecology of intestinal tract ecosystems is composed of a large number of bacteria and a complex community. It is not only rumen bacteria and indigenous intestinal bacteria that play an important role in the health of the host cattle; it is also known that intestinal microbiota can significantly be influenced by diet, the host, and the environment. Fecal bacteria in cattle have been analyzed using culture methods. 1, 2) Considering that only a small fraction of the total microbial diversity can be recovered by cultural methods, however, it is not clear whether these descriptions accurately reflect bacterial species distribution in fecal microbiota. Consequently, molecular techniques should be applied for more detailed recognition of fecal microbiota.
3) Here we report the bacterial diversity and phylogenetic relationship of indigenous bacteria of cattle fecal microbiota by 16S rRNA gene libraries.
Three castrated Holstein cattle (half-siblings, mean body weight 131 kg) reared at the Field Science Center of the Tokyo University of Agriculture and Technology, were used. All cattle were fed a diet consisting of 66% (DM) Sudangrass hay and 34% concentrate at a maintenance level, twice daily at 09:00 h and 17:00 h in equal amounts. The concentrate contained 41% corn, 23% wheat bran, 8% rapeseed meal, 7% soybean meal, 12% corn byproducts, 5% grains, and 4% minerals and vitamins. Water was continuously available. After the diet was administered for 30 d, fresh fecal samples were obtained before the morning feeding. The samples collected were stored at À80 C until analysis. The experimental protocol was in accordance with the Guide for the Care and Use of Laboratory Animals prepared by Tokyo University of Agriculture and Technology.
DNA was extracted from fecal samples with a soil DNA kit (Mo Bio, Carlsbad, CA) using a FastPrepÔ instrument (Bio 101, Vista, CA), as described by Clement and Kitts. 4) Two universal primers, 27F (5 0 AGAGTTTGATCCTGGCTCAG3 0 ) and 1492R (5 0 GGTTACCTTGTTACGACTT3 0 ), 5) were used in PCR to amplify the 16S rRNA gene coding region. The PCR condition used the following program: 95 C for 3 min, followed by 15 cycles of 95 C for 30 sec, 50 C for 30 sec, 72 C for 1.5 min, and a final extension period of 72 C for 10 min. Purified PCR products were transformed into One Shot Ò INVF 0 competent cells (Invitrogen, San Diego, CA). Plasmid DNAs from 16S rRNA gene libraries were used as templates for sequencing. The dideoxy chain termination reaction was conducted using a 27F or 520R (5 0 ACCGC-GGCTGCTGGC3 0 ) 5) primer with a BigDye ver 3.1 Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City, CA), and the products were analyzed on a model ABI PRISM 3700 analyzer system (Applied Biosystems). All sequences were compared with similar sequences of the reference organisms by a BLAST search, 6) and chimeric sequences were removed on the basis of the results of the CHECK CHIMERA program of the Ribosomal Database Project (RDP-II). 7) Sequence data were aligned with the CLUSTAL W package. 8) Phylogenetic trees were constructed using the neighborjoining method.
9) The sequences were assigned to individual operational taxonomic units (OTUs) based y To whom correspondence should be addressed. Tel: +81-48-467-9562; Fax: +81-48-462-4619; E-mail: hayashi@jcm.riken.jp Abbreviations: DDBJ, DNA Data Bank of Japan; EMBL, European Molecular Biology Laboratory; PCR, polymerase chain reaction; RDP, Ribosomal Database Project Biosci. Biotechnol. Biochem., 69 (9), [1793] [1794] [1795] [1796] [1797] 2005 Note on a sequence similarity of at least 98%.
10) The sequence data determined in this study have been assigned DDBJ, EMBL, and GenBank accession nos. AB107372 to AB107582.
A total of 284 clones were subjected to sequence analysis from three sets of cattle feces. Only four clones (1.4%) exhibited high levels of sequence similarity (!98%) with unknown species. The 284 clones were classified into 206 OTUs ( Table 1 ). The sequences were affiliated with the following phyla: Firmicutes (81.7%), Bacteroidetes (14.4%), Actinobacteria (2.5%), and Proteobacteria (1.4%) ( Table 1) .
The major group in the Firmicutes phylum is the Clostridium leptum subgroup, which is thought to be considered the most predominant group of cattle fecal microbiota, with 112 (39.4%) of the analyzed clone sequences (Table 1 and Fig. 1 ). This subgroup included a cluster A that made the cattle unique (Fig. 1) . Cluster A is not affiliated with any known isolated and published bacterial sequences. This species in particular might play an important role and affect the physiology of the host. Leser et al. 11) reported new OTUs obtained from the pig intestine, and these were designated cluster B, -C, -D, and -E. These four clusters have no cultivated bacteria and are located near the C. leptum subgroup (Fig. 1) . We confirmed that the 44 clones (15.5%) obtained in this study belong to these clusters, but the sequence similarity between the intestinal bacteria of the pig and the cattle was low.
The other major phylum of fecal microbiota in the cattle is the Bacteroidetes. Isolated clones within the Bacteroides group occupied branches within the cluster with no specific affinity to any cultured strains. This group includes cluster G and cluster F, which made the cattle unique (Fig. 2) . Bernhard and Field 12) reported that a unique cluster was obtained from cow feces using Bacteroides-Prevotella group-specific primers. In this study, we also detected a unique cattle cluster at the same position in phylogenetic trees (cluster F, Fig. 2 ). It is suggested that cluster F was the bovine feces unique cluster (Fig. 2) .
In each bull, the C. leptum subgroup was the most phylogenetically diverse group, and the C. coccoides group and the Bacteroides group were also considered to be a significant part of the bacterial community of the intestine. However, the type of species that constitute the group differed among individuals ( Figs. 1 and 2) . The reason was not clear, but some physiological factors might have affected the composition of bacteria species.
Previous culture-based method studies 1, 2) indicated that the predominant species in bovine fecal matter are Bacteroides, Clostridium perfringens, Escherichia coli, bifidobacteria, lactobacilli, and streptococci. In the present study, most of these bacteria were not detected. This discrepancy might be due to the biases of PCR based analysis (differential PCR primers, lysis of bacteria, and preferential cloning of PCR products). Further work is needed to resolve these problems. Nevertheless, the data presented here provide significant information regarding the presence of considerable numbers of previously uncharacterized diversified bacteria in the cattle intestine. 16S rRNA gene sequences (about 500bp long) were used to draw the tree, which was constructed using neighbor-joining analysis based on 16S rRNA gene sequences. Scale bar ¼ 0:02 substitutions per nucleotide position. The clones from the 16S rRNA gene library are shown by the sample number (1-, sample 1; 2-, sample 2; 3-, sample 3). Clones obtained from samples appear in bold letters. 16S rRNA gene sequences from ruminants 13) and pigs 11) were added to this phylogenetic tree. An accession number is given for each published sequence. Numbers in parentheses are the numbers of clones detected in the same group. Escherichia coli was used as the outgroup to root the tree. 16S rRNA gene sequences (about 500bp long) were used to draw the tree, which was constructed using neighbor-joining analysis based on 16S rRNA gene sequences. Scale bar ¼ 0:02 substitutions per nucleotide position. The clones from the 16S rRNA gene library are shown by the sample number (1-, sample 1; 2-, sample 2; 3-, sample 3). Clones obtained from samples appear in bold letters. 16S rRNA gene sequences from cow feces 12) using Bacteroides-Prevotella group-specific primers were added to this phylogenetic tree. An accession number is given for each published sequence. Numbers in parentheses are the numbers of clones detected in the same group. Prosthecochloris vibrioformis was used as the outgroup to root the tree.
